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THE EFFECT OF HUMAN SKIN SURFACE LIPIDS UPON THE
ACTIVITY OF ANTIMICROBIAL AGENTS*
JOHN J. PARRAN, M.S. AND RICHARD E. BRINKMAN, B.S.
It is axiomatic that for a material to func-
tion as an antimicrobial agent it must not be
inactivated by the substrate at the site of the
microorganisms. This factor is one of tbe pri-
mary reasons why tests run under laboratory
conditions often fail to predict effectiveness
under practical use conditions. Because of the
large number of sebaceous glands on the scalp,
forehead, nose, and other mid-line areas of the
body, the skin in these areas is normally
relatively oily. Hence the various lipid sub-
stances that comprise sebum must be consid-
ered as part of the substrate for organisms
existing in these areas.
It is known that oily substrates often inter-
fere with the antimicrobial activities of various
materials. This is exemplified by the difficulties
encountered in preventing microbial growth in
such oil-and-water emulsions as cosmetic creams
and the cutting oils used in the metal-working
trades (1, 2). The amount of preservative re-
quired to prevent growth is often many times
that anticipated on the basis of activity in
aqueous bioassay media.
These facts suggested testing the effect of
lipids upon the activities of various antimicro-
bial agents including those commonly used for
"de-germing" the skin.
MATERIALS AND METHODS
Agar diffusion plate tests were observed with
and without lipids incorporated into the test me-
dium; and a few tests were performed using sebum
collected from subjects' scalps. Because of the
difficulty of obtaining sufficient sebum for more
extensive tests, two simulated sebum composi-
tions were prepared using commonly available
materials. The first contained free fatty acids and
was designed to simulate the sebum normally
found on the skin. The other was prepared with-
out free fatty acids. The reason for using both
compositions was that, while the sebum in the
sebaceous glands contains little fatty acid, the
sebum glycerides are split by bacterial lipases to
yield free fatty acids in the surface sebum (3, 4).
Hence, it seemed likely that a "de-germing" agent
applied to the skin immediately after the skin is
washed would come into contact with sebum con-
taining little or no free fatty acid.
An indication of the extent of inactivation by
lipids in the medium was obtained by comparing
the minimum inhibitory concentration of a com-
pound on medium containing lipids with the
minimum inhibitory concentration on medium
without lipids. Since the minimum concentrations
that yielded any zones of inhibition were com-
pared, this procedure tended to minimize any
effect attributable to unequal rates of diffusion
through the different media.
Preparation of Discs Containing Compounds:
Paper discs containing known amounts of com-
pound were prepared by pipetting 0.01 ml of the
compound in an appropriate solvent on to a 1.3 cm
sterile disc of Whatman No. 4 filter paper and then
drying the discs at room temperature. The amount
of each compound on the discs was arranged in a
twofold series manner.
Preparation of Plates:
(a) Plates containing medium without lipids.
The composition of the medium was:
Tryptiease soy agar 4.0 g
Agar 13.5 g
NnC1 4.5g
Distilled Water 1000 cc
Five ml aliquots of sterile, melted, cooled medium
were dispensed into glass, fiat-bottom, Petri dishes.
(b) Plates containing medium with lipids added.
To 100 ml of the sterile, melted (450 C.) medium
above was added 1.0 ml of test lipid. The mix
was emulsified in a micro attachment of a Waring
Blendor for one minute and then immediately
pipetted into cool, fiat bottom, glass Petri dishes
in 5 ml aliquots. The rapid hardening of the agar
prevented the coalescence of the oil droplets in
the emulsion.
The test lipids used were:
(1) Sebum from scalps of subjects who did not
use a hairdressing or a medicated shampoo. Scalps
were rubbed with a small piece of Whatman No.
40 filter paper that had been extracted with ace-
tone-ether. The sebum was extracted from the
filter paper with a small volume of acetone-ether
and was recovered by evaporating the solvents
into a stream of nitrogen while gently warming the
container.(2) A simulated sebum containing free fatty
acids prepared from commonly available mate-
rials:
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Oleic acid 15.2%
Coconut fatty acids 1.5
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Middle-cut fatty acids, Hydrofol
66, Archer-Daniels 13.7
Coconut oil 3.0
Lard 27.3
Lanolin 20.3
Cholesterol 1.9
Squalene 4.0
Petrolatum 8.0
Wheat germ oil 1.0
Glycerine 4.1
(3) A simulated sehum containing little or no
free fatty acid prepared from commonly available
materials:
Coconut oil 10.0%
Lard 55.0
Lanolin 20.0
Cholesterol 2.0
Squalene 4.0
Petrolatum 8.0
Wheat germ oil 1.0
Inoculation of plates: All of the plates were uni-
formly surface inoculated with 0.2 ml of a suitable
suspension of an organism selected for suscepti-
bility to the test antimicrobial and whose growth
pattern yielded distinct zones of inhibition. A
strain of Stophylococcus epidermidis isolated from
the scalp was found suitable for most of the tests.
After inoculation, Brewer Petri metal covers
fitted with oven-dried absorbent discs were
placed on the plates. After the excess water had
been removed from the surface of the media
(about one hour), the metal covers were replaced
with regular glass covers.
Assay procedure: Paper discs containing the
test compound were placed on the surface of the
inoculated media in a uniform manner. The
plates were wrapped with Saran wrap to prevent
drying of the media. After incubation of the plates
at 37° C. for 48 hours, the minimum amount of
compound that yielded a zone of inhibition on the
media with and without lipids was read.
RESULTS
An illustration of typical test results is shown
in Figure 1.
A few tests run with sebum collected from
scalps showed that it had a pronounced effect
upon the activities of some of the antimiero-
bials. These test results are given in Table I.
The results of tests of antimicrobial agents
usiug a simulated sebum containing free fatty
TABLE I
Effect of sebum upon the activities of
antimicrobial agents
Ratio ot Amount In-
hibitory on Medium
without Sebum to
Amount Inhibitory
on Medium
with Sebum
Salicylic acid 1:2
Hexachlorophene 1:1024
Bithionol 1:256
Anobial (5,31,4 '-trichlorosali- 1:512
eylanilide)
Benzalkonium chloride 1:8
Sodium undecylenate 1:1
Zinc 2-pyridinethiol-1-oxide 1:2
FIG. 1. Test of hexylresorcinol. A. Medium containing simulated sebum prepared with
free fatty acids. B. Medium without lipids added.
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Phenol
Salicylic acid
Sodium benroate
Hexylresorcinol
Methyl p-hydroxybenzoate
Ethyl p-hydroxybenzoate
Propyl p-hydroxybenzoate
p-Chloro-m-xylenol
Dichloro-m-xylenol
Hexachiorophene
Bithionol
2,2 '-Thiohis (4-chiorophenol)
Anobial (5,3',4 '-trichlorosali-
cylanilide)
3,4,4 '-Trichiorocarbanilide
Benzalkonium chloride
Benzethonium chloride
Lauryl isoquinolinium bromide
Cetyl trimethyl ammonium
bromide
Cetyl pyridinium chloride
Undecylenic acid
Sodium undecylenate
Zinc undecylenate
Neomycin sulfate
Captan(N-trichloromethylmer-
capto-4-cyclohexene-1 ,2-di-
carboximide)
Thiram (tetramethyithiuram
disulfide)
Diiodohydroxyquin
8-Hydroxyquinoline sulfate
Copper 8-hydroxyquinolinate
Phenyl mercuric nitrate
Zinc 2-pyridinethiol-1-oxide
Selenium sulfide
Colloidal sulfur
Cadmium sulfide
an effect similar to one or the other of the
two simulated sebums depending upon the
compound tested.
DIscussIoN
The reduction, and in some cases almost
complete elimination, of the activity of many
of the compounds is probably attributable to
(a) their strongly lipophilic nature and (b)
their tendency to complex with fatty acids.
Examination of the structure of antimicrobial
agents suggests that many are highly lipophilic,
i.e., they arc readily absorbed by an oil phase
from a water phase. This was evidenced by
the greater degree of inactivation of the more
complex, more lipophilic, phenolic derivatives
(hexachlorophene, bithionol, 2, 2'-thiobis (4-
chlorophenol)) as compared with the simpler
1:2 derivatives (phenol, salicylic acid, p-hydroxy-
1: 1 bcnzoates, hcxylresorcinol).
1:8 Complex formation with free fatty acids was
1:4 illustrated by the greater reduction of activity
1:2 of the quaternary ammonium compounds by
1:4 the simulated sebum containing free fatty acids
1 as compared with the simulated scbum with-
out free fatty acids. This suggests that the
1:256 quaternary ammonium compounds might be
1; 128 more effective when accumulated sebum has
1:256 been removed by washing the skin with a non-
1:256 substantive detergent prior to application of a
quaternary antibacterial agent.
1:1024 While the activities of a number of ma-
1:8 terials with reported good de-germing prop-
1:8 erties were greatly reduced in the presence of
1:8 lipids, it should be noted that intrinsic anti-
1:8 microbial activity is a primary consideration
1.8 in the selection of a skin dc-germing agent.
1:2 A material that retains only a fraction of its
activity in the presence of lipids might be an
1:1 effective de-germing agent if its intrinsic anti-
1:4 bacterial activity he great enough. In contrast,
1:2 materials with low intrinsic antibacterial ac-
tivity might be ineffective even though most of
their activity is retained in the presence of
1:1 lipids. The selection of an antimicrobial agent
for de-germing oily skin should therefore be
based on its intrinsic antimicrobial activity,
on the maintenance of its activity in the pres-
ence of lipids, and on the amount of the agent
that is likely to be retained on the skin.
SUMMARY
Sebum and lipid compositions similar to
sebum were found to reduce greatly the ac-
acids and a simulated sebum without free fatty
acids are given in Table II. The activities of
many of the compounds were drastically re-
duced in the presence of the test lipids. The
sebum collected from scalps seemed to exert
TABLE II
Effect of simulated sebums upon the activities
of antimicrobial agents
Ratio of Amount
Inhibitory on Media
without Lipids to
Amount Inhibitory on
Medium with Lipids
Simulated Simulated
sebum Sebum
with Free without
Fatty Free Fatty
Acids Acids
1:1
1:1
1:2
1:4
1:1
1:2
1:2
1:1
1:4
1:512
1:256
1:256
1:1024
1: 1024
1:128
1:128
1:128
1:512
1:64
1:2
1:1
1:8
1:8
1:2
1:1
1:512
1:1
1:1
1:4
1:2
1:1
1:128
1:2
1:512
1:1
1:2
1:8
1:2
1:1
1:128
1:1
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tivity of some antimicrobial agents. This find-
ing must be considered in the selection of an
antimicrobial agent for de-germing of skin areas
having a large number of sebaceous glands.
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